Clinical and animal studies now support the notion that psychological factors such as stress, chronic depression, and lack of social support might promote tumor growth and progression. Recently, cellular and molecular studies have started to identify biological processes that could mediate such effects. This review provides a mechanistic understanding of the relationship between biological and behavioral influences in cancer and points to more comprehensive behavioral and pharmacological approaches for better patient outcomes.
Introduction
The notion that psychosocial factors can affect malignant progression has long been suspected (Reiche et al., 2004) . Clinical and epidemiological studies have recognized that specific psychosocial factors, such as stress, chronic depression, and lack of social support are risk factors for the development and progression of cancer. However, as a whole, data supporting a relationship between behavioral risk factors and cancer initiation have been inconsistent. In contrast, behavioral factors are more reliably found to predict differences in tumor progression (Antoni et al., 2006) . For example, some recent studies have not found a relationship between stressful life events (Duijts et al., 2003) or personality (Bleiker et al., 2008) and development of cancer, although several others have reported such relationships, particularly in situations of severe life stress (Lillberg et al., 2003; Price et al., 2001) . A process in which severe stressful situations accumulate resulting in a positive influence on cancer initiation might explain the differences observed between studies. Additionally, in some of these studies, the quality of self-reported measures varies, and longitudinal assessment of factors such as depression and stress is rare.
Clinical studies focused on the relationship between behavior and the progression of already-diagnosed cancers have found that factors such as suppression of negative emotions, hopelessness, denial, and lack of social support are associated with poorer survival (Antoni et al., 2006) . These clinical data parallel results from animal-based studies demonstrating that experimentally imposed stress can modulate cancer progression (Thaker and Sood, 2007) . Recent mechanistic studies have started to uncover specific signaling pathways that are activated through the neuroendocrine stress response, resulting in promotion of tumor growth and metastasis. Even though this review will focus on the neuroendocrine, cellular, and molecular processes that are capable of mediating the relationship between behavioral factors and cancer growth and progression, important glucocorticoid-mediated pathways will remain outside of the scope of this review. Before proceeding to explore neuroendocrine mechanisms on cancer progression, we begin this review with a brief summary of neuroendocrine responses to stressors and the cancer initiation and metastasis processes.
Neuroendocrine stress response
Stress reflects an intricate process involving environmental and psychosocial factors that set off multiple information processing pathways in the central nervous system (CNS) and periphery. These pathways elicit fight or flight stress responses in the autonomic nervous system (ANS), or defeat/withdrawal responses that are produced by the hypothalamic-pituitary-adrenal axis (HPA) (Glaser and Kiecolt-Glaser, 2005 
